Leukocyte recruitment is generally achieved by rapid migration of inflammatory cells out of circulation, through modified blood vessels, and into affected tissues. Now, Wang and Kubes show that macrophages can be rapidly recruited from body cavities to the liver, via a non-vascular route, where they help to coordinate tissue repair.
The all too familiar signs of acute inflammation-swelling, redness, heat, and pain-are caused by local changes in the blood vessels within affected tissues. In response to cytokines and chemokines produced by infection or injury, local blood vessels become leaky and sticky; specifically, postcapillary venules are modified to allow passage of blood plasma and leukocytes (neutrophils, eosinophils, and monocytes) into the tissue parenchyma. The phenomenon of migration of blood leukocytes into extravascular spaces (a process known as diapedesis) was discovered independently by Henri Dutrochet in 1824, Augustus Waller in 1846, and by Julius Cohnheim in 1867. The physiological role of leukocyte migration (i.e., defense from infection), was uncovered by Ilya Metchnikoff in 1882. Since then, leukocyte recruitment from blood circulation to the infected or injured sites became a well-established paradigm. In this issue of Cell, Wang and Kubes (2016) report a surprising new route for inflammatory cell migration: using a sterile liver injury model, they find that macrophages can migrate from the peritoneal cavity directly into the adjacent liver-bypassing circulation. This ''wormhole migration'' of macrophages has a number of interesting features and, if generalizable to other organs, will represent a new paradigm for inflammatory cell recruitment.
Billions of leukocytes circulating in the blood are poised to leave circulation and enter the affected tissues at specific sites as soon as they are called to arms by local cues. To avoid cellular overcrowding of the blood vessels, large numbers of leukocytes are also kept in ''storage pools''. Thus, bone marrow serves as a reservoir for copious amounts of mature neutrophils and monocytes that can be rapidly deployed upon infection (Shi and Pamer, 2011) . The spleen, likewise, has also been reported to be a storage site for monocytes that can be rapidly mobilized into the circulation upon ischemic myocardial injury (Swirski et al., 2009 ). In contrast, mature macrophages are thought to be stationary, residing in tissues where they perform specialized functions (Lavin et al., 2015) . Recent fate mapping studies have demonstrated that macrophage populations in many tissues are maintained by local proliferation rather than the differentiation of newly recruited cells (Ginhoux and Guilliams, 2016) . However, during an inflammatory response, the affected tissues become more dependent on the differentiation of monocytes recruited from the circulation (Ginhoux and Jung, 2014) . Since the differentiation takes at least a few days, the appearance of inflammatory (recruited) macrophages is thought to occur at later stages of inflammation, while the early stages are dominated by neutrophils and monocytes (Figure 1 ).
Most triploblastic animals (animals that have three germ layers) have a body cavity (coelom), which is derived from mesoderm. In mammals, embryonic coelom gives rise to three body cavities in the adults: peritoneal, pericardial, and pleural. Body cavities provide mechanical buffering and protection for visceral organs. They are filled with fluid that provides lubrication for abdominal organs, lungs, and the heart, allowing for some degree of unobstructed movements. In addition, the peritoneum and other cavities represent unique compartments that harbor a variety of immune cell types, including macrophages, mast cells, and B cells. Peritoneal macrophages have been used extensively to study ''tissue-resident'' macrophages because of the ease of their isolation. The functional role of these macrophages has been puzzling, however, given that the peritoneal cavity is not exactly a tissue in a conventional sense.
Wang and Kubes (2016) now show that sterile liver injury induces rapid recruitment (within 12 hr post injury) of mature peritoneal macrophages to the injury site. Macrophages that reside in the peritoneal cavity have some unique characteristics, including expression of the transcription factor GATA6, which drives a specific gene expression program in these cells, including programs for cell migration and adhesion (Davies and Taylor, 2015) . In particular, GATA6 plays an important role in the phenomenon called ''macrophage disappearance reaction'', which is a rapid macrophage migration induced by intraperitoneal challenge with bacterial components (Barth et al., 1995) . Now, the findings by Wang and Kubes (2016) suggest that these characteristics may be important for the rapid migration of peritoneal macrophages into the damaged site of a visceral organ.
How can peritoneal macrophages sense tissue damage in the liver? The authors find that macrophage recruitment is independent of b1-and b2-integrins and Gai-protein-coupled chemokine receptors that mediate leukocyte extravasation from blood circulation. Strikingly, only peritoneal macrophages that transferred intraperitoneally, but not intravenously, migrate to the injury site, suggesting that macrophages travel via a non-vascular route. Additionally, at least two guidance molecules exposed in the injured site, hyaluronan and extracellular ATP, are required for the recruitment. The authors propose that localized release of these guidance molecules from the injury site induces arrest of macrophages that are floating in peritoneal fluid. The peritoneal cavity is lined by a single layer of mesothelial cells that produce loose connective tissue containing hyaluronan. Given that hyaluronan is involved in endothelium-leukocyte interaction during extravasation (Khan et al., 2004) , the mechanism of peritoneal macrophages' migration through mesothelium may have some parallels to leukocyte extravasation across endothelium, although there is a clear difference in reliance on chemokines and integrins.
The authors further demonstrate that the recruited peritoneal macrophages facilitated tissue repair response by removing cellular debris from necrotic cells. Additional features of these macrophages may help to promote tissue repair process: TGF-b, which plays a central role in wound healing and tissue repair, is highly expressed in peritoneal macrophages in a GATA6 dependent manner (Davies and Taylor, 2015; Okabe and Medzhitov, 2014) . Since GATA6 deletion in macrophages results in delayed repair, it will be interesting to investigate how a GATA6-driven gene expression program promotes the tissue repair.
In summary, the study by Wang and Kubes (2016) demonstrates that the peritoneal cavity serves as a reservoir for mature macrophages that can be deployed for recruitment into the injured liver ( Figure 1 ). As any pioneering finding, this work raises a number of important new questions: do peritoneal macrophages invade other visceral tissues, such as the pancreas and adipose tissue? Does infection in visceral organs similarly induce peritoneal macrophage recruitment? Do other cell types that reside in the peritoneal cavity migrate into the visceral tissues using similar mechanism? Future studies surrounding the findings by Wang and Kubes (2016) will help to further elucidate the importance of this fascinating and previously unrecognized mode of inflammatory cell recruitment.
